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INTRODUCTION
X-ray emission is widely accepted as the main driver of the optical fluxes in accreting X-ray binary stellar systems (hereafter, XRBs). Irradiation by a central X-ray source is thought to heat outer portions of the disk (and companion star), resulting in copious optical emission correlated with long-term X-ray variations for a wide variety of systems (e.g. [1] ).
But from new multi-wavelength studies, it is becoming increasingly clear that reprocessing does not always dominate the optical flux and its variations. As early as 1981, the Galactic BH candidate GX 339-4 was found to show dramatic optical variability down to tens of milli-seconds [2] . Later results trickled in on several other sources, including V4641 Sgr [3] and GRS 1915+105 (in the infrared; [4] ). The first extensively-studied system, though, was XTE J1118+480 [5, 6] . Thereafter, we observed GX 339-4 [7] [5, 7, 8] , using time bins ∼50-140 ms for inter-comparison, to illustrate the complexity and diversity of behaviour. Shaded region is the mean standard deviation from many light curve segments.
another BH candidate Swift J1753.5-0127 [8] with the rapid imaging camera ULTRA-CAM [9] mounted on the Very Large Telescope, simultaneously with RXTE. All these sources show optical variability on a range of timescales. Several lines of reasoning argue against canonical linear reprocessing (on the disk or donor star) as the origin of the rapidly varying ( ∼ <1s) component.
EVIDENCE AGAINST REPROCESSING
Rapidity of variations and delays : In all cases, significant variability power is found on sub-second times. The fastest optical flares, though rare, may increase the local flux by factors of a few, within just tens of milli-seconds. For XTE J1118+480 and GX 339-4, a peak optical delay of only ∼30 ms -1 s is found in the crosscorrelation function (CCF) with respect to X-rays, computed with the fastest light curves available [10, 11] . Figure 1 shows some typical CCFs. This delay is stable over several observations, and is too short for typical light travel times to the outer disk or companion star. Anti-correlated components : A feature common to most CCFs is the presence of broad anti-correlation troughs on times of several seconds at least (again, see Fig. 1 ), inconsistent with simple reprocessing scenarios. Short optical average coherence times : In some cases (XTE J1118+480 and GX 339-4), the auto-correlation functions (ACFs) of the optical light curves are narrower than the corresponding X-ray ones [5, 7] . As discussed by Kanbach et al. [5] , a reprocessed light curve would instead have slower characteristic variations, and so show an ACF broader than that of the driving light curve.
OPTICAL VARIABILITY AMPLITUDE SCALES WITH FLUX
So, what then is the origin of the rapid optical flux variations? The literature is replete with models attempting to explain the properties of XTE J1118+480, usually as cyclosynchrotron emission in a strong magnetic field (e.g. [12, 13, 14, 15, 16] 2. Optical (Left) and X-ray (Right) rms variability amplitudes as a function of flux for GX 339-4, as measured from the individual power spectra over various labelled frequency ranges [20] .
that the full spectral+timing characteristics are complicated. Here, we discuss an additional constraint for these models to satisfy.
Uttley and collaborators have shown that the instantaneous X-ray variance (or rootmean-square [rms] amplitude) of XRBs is dependent on the flux measured on longer (averaged) times [17, 18] . Such behaviour is not expected in models of localized, stochastic shot noise energy dissipation, where the magnitude of any given flare is uncorrelated with the overall source flux. Instead, this points to inter-connections all across the accretion flow, and flux variations are a result of 'coupling' of large-scale fluctuations that propagate inwards and perturb inner flares (e.g. [19] ). Such a coupling also changes the flux distributions of the light-curves to log-normal, i.e. the light curves show 'non-linear' flaring. Shot noise models would instead prefer a normal distribution, Gandhi [20] has shown that the optical light curves of several XRBs obtained on fast times are also consistent with such an 'rms-flux' relation. By examining the three XRBs of Fig. 1 (all of which show aperiodic optical fluctuations), it was found that in each case, the rms amplitude scales linearly with flux over broad frequency ranges, with a slope depending on the fractional variability power in that range. This is shown in Fig.  2 for the case of GX 339-4. Furthermore, both the optical and X-ray flux distributions are well described by lognormal functions.
The implication is that both the optical and X-ray rapid flaring originate in some process which can link a broad range of radii and timescales in the accreting environment. Low/hard state studies of XRBs point to the co-existence of a jet, a corona and an outer disk. If perturbations do indeed propagate from the outwards in, then the broad frequency range encompassed by the rms-flux relation (e.g. a factor of 100 between the extreme frequencies in Fig. 2 ) provides excellent evidence of coupling between these various accretion components. Large-scale magnetic field energy dissipation [21] may be one way to accomplish this.
FUTURE PROSPECTS
The few sources in which complex optical/X-ray flux correlations have so far been found were low-mass BH binaries in the low/hard state. A common aspect is a bright optical counterpart in each case, and a low Eddington fraction X-ray luminosity, but these are not particularly unusual. So complex optical/X-ray correlations on rapid times may be quite common in other XRBs. The lack of fast optical instrumentation until recently, and the expectation that the optical ought not to be rapidly variable, may have biased prior detection of such components in general. A systematic search in known XRBs will be required to test this.
